Keratoacanthoma (KA) resolves spontaneously but is regarded by some as a variant of squamous cell carcinoma (SCC). However, others consider KA a totally benign entity. Syndecan-1 is one of the heparan sulfate proteoglycans that mediates intercellular and cell to matrix adhesion. Its expression appears to be inversely correlated with tumor aggressiveness and invasiveness. Previous studies have shown decreased levels of syndecan-1 expression in invasive cutaneous SCC, correlating with tumor de-differentiation. However, a similar study has never been done on KA. Keratoacanthomas (KAs) are skin epidermal tumors originating from the squamous epithelium. Although KA is known to spontaneously regress and disappear without specific therapy, most are removed by excision because of fear of possible malignant behavior. Their true natural biologic behavior thus remains unclear and controversial. Some regard KAs as benign, because of their tendency to resolve, whereas others consider them a variant of squamous cell carcinoma (SCC) (1-3). The microscopic evaluation of KA can be problematic, particularly at the base of the lesion, where distinguishing KA from invasive SCC may be difficult, if not impossible. Syndecans are heparan sulfate cell surface proteoglycans that function in binding growth factors and other soluble molecules, and participate in cell-to-cell and cell to extracellular matrix (ECM) interactions (4, 5). In cellular interactions, syndecans are important in cell adhesion and cohesion, thus maintaining normal cell architecture, differentiation, growth, and migration. There are four members within the syndecan family, each having an extracellular, a transmembrane, and cytoplasmic domain. The extracellular domain contains covalently bound heparan sulfate chains that can bind several ECM molecules such as collagen, fibronectin, thrombospondin, and others (5). Syndecan-1, the most studied member of this family of cell surface proteoglycans is abundantly expressed in the normal stratified squamous epithelium (6 -8). Importantly, syndecan-1 has been shown to inhibit invasion of cells into type 1 collagen gels (9, 10). Thus, loss of the syndecan-1 expression may be an important step in progression of carcinoma cells to the metastatic phenotype. In
Keratoacanthomas (KAs) are skin epidermal tumors originating from the squamous epithelium. Although KA is known to spontaneously regress and disappear without specific therapy, most are removed by excision because of fear of possible malignant behavior. Their true natural biologic behavior thus remains unclear and controversial. Some regard KAs as benign, because of their tendency to resolve, whereas others consider them a variant of squamous cell carcinoma (SCC) (1) (2) (3) . The microscopic evaluation of KA can be problematic, particularly at the base of the lesion, where distinguishing KA from invasive SCC may be difficult, if not impossible.
Syndecans are heparan sulfate cell surface proteoglycans that function in binding growth factors and other soluble molecules, and participate in cell-to-cell and cell to extracellular matrix (ECM) interactions (4, 5) . In cellular interactions, syndecans are important in cell adhesion and cohesion, thus maintaining normal cell architecture, differentiation, growth, and migration. There are four members within the syndecan family, each having an extracellular, a transmembrane, and cytoplasmic domain. The extracellular domain contains covalently bound heparan sulfate chains that can bind several ECM molecules such as collagen, fibronectin, thrombospondin, and others (5). Syndecan-1, the most studied member of this family of cell surface proteoglycans is abundantly expressed in the normal stratified squamous epithelium (6 -8) . Importantly, syndecan-1 has been shown to inhibit invasion of cells into type 1 collagen gels (9, 10) . Thus, loss of the syndecan-1 expression may be an important step in progression of carcinoma cells to the metastatic phenotype. In SCC of the head and neck, and larynx, the level of syndecan-1 expression is markedly reduced, correlating inversely with tumor aggressiveness (11) (12) (13) . Our recent studies on syndecan-1 expression in cutaneous SCC showed a similar relationship, with the levels of expression significantly reduced in invasive SCC, but not in SCC in situ (14) .
To explore the biologic differences between KA and cutaneous SCC, we investigated syndecan-1 expression in KA and compared the results with our previous findings of syndecan-1 expression in cutaneous SCC and SCC in situ.
MATERIALS AND METHODS
The Pathology files at the University of Arkansas for Medical Sciences were searched for cases of KA. Twenty-four cases were selected from a total of 30 KAs diagnosed over a 2-year period (1997-1998). Of those not selected, five were outside consultations for which both the glass slides and paraffin blocks were not available, and one case had no suitable tissue left. All the cases were diagnosed as KA. The diagnosis of KA was based on the following histologic features: a symmetric crateriform tumor with orthokeratotic, parakeratotic cornified cells, central keratin plugging, undermining of the dermis beneath by the tumor, collarettes of proliferating keratinocytes at the edges, well differentiated squamous epithelium with eosinophilic or glassy cytoplasm, and atypia of peripheral keratinocytes. Regressing KA were characterized, in addition to the above features, by diminished proliferation of the epithelium with flattening of the floor of the tumor. The specimens were fixed in 10% formalin and embedded in paraffin. Sections 4 m in thickness were cut and mounted on silane-coated slides, air-dried and deparaffinized before antigen retrieval by the steam heat method for 40 minutes using the DAKO Target Retrieval solution (DAKO, Carpenteria, CA). The endogenous peroxidase activity was quenched with 0.3% hydrogen peroxide for 10 minutes and nonspecific binding was blocked by goat serum for 30 minutes. The DAKO Large Volume LSAB2 Alkaline Phosphatase Kit (DAKO) was used with a 1:100 dilution of the B-B4 primary antibody (Serotec, Raleigh NC), a mouse anti-human antibody that recognizes an epitope found in human syndecan-1 (CD 138) (15) . Sections were incubated with primary antibody for 80 minutes at room temperature, followed by the biotinylated secondary antibody for 30 minutes and streptavidin alkaline phosphatase for 30 minutes. 3,3'-Diaminobenzidine chromogen was used to visualize the end product. Between each step, sections were washed with phosphate buffered saline, except for the last step before counter-staining where de-ionized water was used. Normal skin with strong syndecan-1 immunoreactivity in the keratinocytes was used as the positive control, and the negative control consisted of a 1:100 dilution of a nonspecific isotype-matched IgG1 mouse antibody, MCA 928 (Serotec) that was substituted for the B-B4 antibody. The slides were then counter stained with Hematoxylin before dehydration and cover slipping.
The same method and conditions, with comparable controls were applied throughout the procedure as those used in our previous study of 23 cutaneous SCC (acantholytic and non-acantholytic) and SCC in situ (14) .
RESULTS

Pathologic Findings
Twenty of 24 (83%) cases examined showed the typical microscopic appearance of KA (Fig. 1A) : a crateriform architecture, central keratin plug, and lateral collarettes of proliferating squamous cells. There were no tumors with frank invasive disease but three KAs demonstrated focal areas of cytologic atypia ( Fig. 2A) . Five (21%) cases were in different stages of regression. A strong dermal lymphocytic response was noted in six KAs, whereas moderate and mild responses were present in six and nine cases, respectively (not shown). Three cases lacked any dermal lymphocytic response at all.
Syndecan-1 Immunoreactivity
Syndecan-1 immunoreactivity was semi-quantitatively analyzed and scored as follows: (Ϫ) negative, (ϩ) mild, (ϩϩ) moderate, and (ϩϩϩ) strong staining. All 24 KAs were positive for syndecan-1 expression, with 18 (75%) cases showing strong staining (Fig. 1B) , and six (25%) demonstrating moderate staining (Table 1). Three (12.5%) KAs with overall strong staining for syndecan-1, showed reduced levels of syndecan-1 expression (mild staining) in the focal areas of cytologic atypia (Fig. 2B) . The level of staining intensity of the 18 cases with strong syndecan-1 expression (Fig.  1B) was comparable with that seen previously in the normal epidermis or SCC in situ (14) . Five (21%) cases of regressing KA showed strong epidermal expression of syndecan-1, and also demonstrated stromal staining in the dermis, subjacent to the KA (Fig. 3 ), a pattern not described in SCC (14) . Staining was absent in the keratin plug of the KA crater and decreased in the parakeratotic cells adjacent to the keratin plug. Diminished staining for syndecan-1 in SCC is shown in Fig. 4 .
The results show distinct differences in the level of syndecan-1 expression when compared with our previous findings in conventional cutaneous SCC (14) , where the levels of syndecan-1 expression were markedly reduced in both invasive (Fig. 4) (four cases) and acantholytic (11 cases) SCC (not shown). Additionally, stromal syndecan-1 staining was noted in some regressing KA. However, there were no differences in the staining pattern and intensity when compared with SCC in situ (eight cases) and adjacent normal epidermis.
DISCUSSION
We examined the levels of syndecan-1 expression by immunohistochemistry in KA and compared the results with our previously published findings of syndecan-1 expression in cutaneous SCC and SCC in situ (14) . Results show that the level of syndecan-1 expression in KA is similar to that of SCC in situ, but much stronger than that of invasive SCC. The level of syndecan-1 expression in SCC in situ is the same as that seen in normal skin, where all keratinocytes show strong basolateral membrane staining (16, 17) . These results suggest that immunophenotypically KA is more closely related to SCC in situ than to invasive SCC. We hypothesize that the biologic behavior of KA may be distinctly different from invasive SCC because significant reduction in syndecan-1 expression occurs only in invasive malignancies (12, 13) .
Three (12.5%) percent of the KA cases demonstrated diminished syndecan-1 expression in areas of cytologic atypia. Staining in these areas was mild to moderate. It has been suggested that syndecan-1, together with other proteoglycans is associated with cellular differentiation, cell-to-cell, and cell to ECM interactions. The level of syndecan-1 expression is maximal in normal epithelia, particularly in the stratified squamous epithelium of the skin (18), but shows gradual reduction with malignant transformation of the tumor cells (14, 19) . Absence or diminished levels of syndecan-1 expression are seen in invasive SCC, correlating with the loss of cellular cohesion and the development of invasive and aggressive features (14) .
In situ tumors express syndecan-1. It appears that the beginning of loss of syndecan-1 expression marks the onset of malignant transformation within the cells and that marked reduction in expression is an important indicator of an infiltrative or invasive growth pattern and cytologic atypia (10, 17) . Although the expression of syndecan-1 in KA may not resolve the question of whether KA is neoplastic or not, the behavioral difference between KA and SCC appears related to their different levels of syndecan-1 expression. In cutaneous SCC with established invasiveness (including acantholytic type), marked reduction in syndecan-1 expression is present and the reduction is more apparent in areas of poor cellular differentiation. In head and neck SCC, P. Inki et al. demonstrated that intermediate or strong syndecan-1 expression was associated with smaller and well-differentiated tumors, whereas tumors with higher histologic grade had lower levels of syndecan-1 expression (13). Pulkkinen and colleagues obtained similar results in laryngeal carcinomas where patients with reduced levels of syndecan-1 expression had poorer prognosis (12) .
Although KA and cutaneous SCC rarely result in patient death, morbidity and recurrences of the latter may be significant. There has always been controversy in their biologic relationship. Because of the potential of most KAs to regress spontaneously, perhaps due to a strong immune response, KAs are considered totally benign by some. However, because there are also tumors that show typical features of KA and yet demonstrate cytologic atypia and invasive features posing diagnostic challenges in distinguishing them from true SCC, others argue that KAs are a form of SCC. It could be argued that these two lesions represent different stages of the same disease, but it cannot be denied that as a group, KAs show unique clinico-pathologic features.
Five (21%) cases of regressing KA demonstrated stromal expression of syndecan-1. The significance of this stromal induction of syndecan-1 expression and its relationship with the immune response (lymphocytic reaction) and KA regression is unclear and remains to be determined. Stromal syndecan-1 staining has been seen in some cases of invasive breast cancer (20) , and we have also observed similar findings in some cases of malignant salivary gland tumors (unpublished data).
Because syndecan-1 acts as an inhibitor of cell invasion, retention of syndecan-1 expression in KA may account for its noninvasive behavior. This is in contrast to SCC, where syndecan-1 expression is lost and the tumor cells become invasive. Overall, our findings suggest that biologically, KAs are more closely related to SCC in situ of the skin than to invasive SCC.
